1. X-ray diffraction (Tomlin & Worthington, 1965) and electron microscopy (Hodge & Petruska, 1963) show that the fibril consists of layers of thickness D = 67nm. The axial arrangement of rod-shaped molecules (length 4.4 D) gives rise to the well-known regular one-dimensional structure (Hodge & Petruska, 1963) . X-ray diffraction suggests that there need be no long-range order in the side-to-side arrangement of molecules in a fibril (Hukins, 1977) . (Note that covalent cross-links need not specify an ordered sideto-side arrangement.) These properties define an SA liquid crystal, a system which is usually ordered in only one dimension (Sackmann & Demus, 1966) .
2. Analysis of diffuse equatorial scatter in low-angle X-ray diffraction patterns from rat tail tendon (Woodhead-Galloway & Machin, 1976) B. Weiss, unpublished work) shows that the liquid-like side-to-side arrangement consists of single molecules which are not grouped into any form of microfibril.
3. 13C nuclear magnetic resonance shows that the side-to-side interactions between molecules do not depend strongly on azimuthal angle (Torchia & VanderHart, 1976) ; this observation is consistent with properties ( I ) and (2).
4. Electron micrographs of frozen collagen have a stepped appearance as a result of decreased diameter in the gap regions, i.e. the array of molecules can collapse to a greater extent in the gaps (Stolinski & Breathnach, 1977) . This observation is not what we would expect from a crystalline structure or from an array of microfibrils each of which carried the D-period, unless these structures were completely destroyed by the techniques used. It is what we might expect of an S , liquid crystal.
5. When tendons are subjected to tensile stress (strains up to at least 10%) D does not increase; also at least some of the molecules are tilted (by about 4") from the fibril-axis direction (Hosemann et al., 1974 ). Both these observations are properties of SA liquid crystals (de Gennes, 1974, pp. 284-3 13).
6. Tensile stress also induces some of the molecules in a tendon fibril to rearrange so that they describe a lattice with a square unit cell (Miller & Parry, 1973) . This ordering into a square lattice under tension is a property of S, liquid crystals (Delrieu, 1974) . It is unlikely that this ordered state contains any form of microfibril; evidently there are no microfibrils in the disordered phase (2) and it is difficult to see how tensile stress would produce any.
7. X-ray diffraction shows that when elastoidin is dried its molecules spiral about the fibril-axis direction (Hukins et al., 1976) . This observation can be explained by a transition to a type-C smectic (S,) liquid crystal. Spiralling occurs in the SA to Sc transition for chiral molecules (Saupe, 1969) . In thermotropic liquid crystals Sc generally corresponds to a lower-temperature state than S, (de Gennes, 1974, p. 16) The liquid-crystal properties of the collagen fibril may have important biological implications, since the functions of fibrils are largely involved with their mechanical properties. Our model has features in common with that of Nemetschek & Hosemann 
